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ABSTRACT 
I 

(, 
d 

h e  geometrical r e la  t ionships o f  Pioneer 11 to Uranus and 

Voyager 2 during 195-86 a r e  sumarized,  w i t h  spec ia l  a t t e n t i o n  

to  conditions during Voyager 2 ' s  encounter with Uranus on 

24 January 1986. It i s  shown t h a t  Pioneer 11 w i l l  be ab le  to 

provide valuable o b s e n a t i o n s  o f  the s o l a r  wind, the magnetic 

f i e l d ,  and energetic p a r t i c l e  i n t e n s i t y  i n  the  nearby i n t e r -  

planetary medium before, during, and a f t e r  t h a t  encounter. A l l  

of these quan t i t i e s  a r e  s ign i f i can t  i n  determining the  s t a t e  of 

Uranus ' magnetosphere and f luctuat ions  thereof. 

& 



1. I ~ t r o d u c t i o n  

Pioneer 11 w i l l  not pass c lose  enough to 

s i g n i f i c a n t  observations o f  the  planet  i t s e l f .  

geometrica 1 r e l a t i o n ~ h i p s  to Uranus and Voyager 

favorable : 

Uranus to permit 

Nonetheless, i t s  

2 i n  1985-86 a r e  

( a )  For co r re la t ive  s tudies  with Voyager 2 on the  s o l a r  wind, 

t h e  in terp lanetary  magnetic f i e l d  and energetic  p a r t i c l e s ;  and 

espec ia l ly  

( b )  For support of  the  24 January 1986 encounter o f  Voyager 2 

with I fanus  by monitoring these physical  conditions before, during, 

and a f t e r  t h a t  enrounter.  Such in terplanetary  quan t i t i e s  a r e  of  

importance i n  determining the s t a t e  of  Uranus' magnetosphere. 

This memrandum o f f e r s  a  preliminary study of the  geo- 

met r i ca l  re la t ionships  of  the  three  ob jec t s  and suggests some 

s i g n i f i c a n t  s c i e n t i f i c  oppor tuni t ies .  Sources o f  data and nomen- 

c l a t u r e  a r e  l i s t e d  i n  Appendix I. 



2. Pioneer 11 

Table 1 
(~eference <b) ) 

ch ET 
Date - 



I n  January lB6 the  pole o f  t h r  o r b i t a l  plane of  Pioneer 11 

Thus, t he  inc l ina t ion  of t h e  o r b i t a l  plane t o  the  e c l i p t i c  i s  

163629. The maximu nor ther ly  l a t i t u d e  of Pioneer 11 w i l l  occur 

on 1/4/86. 

Pioneer 11 w i l l  not cross Uranus ' magnetotail within i t s  

useful  l i fe t ime.  



3 Uranus 

Date 

Table 2  
( in terpola ted  from reference (a ) ) 

Uranus' o r b i t  i s  inc l ined a t  OPT73 to t h e  e c l i p t i c .  I ts  

mean anr~uai  motion i n  longitude is  4t285. 



4. Voyager 2 

Table 3 
( ~ e f e r e n c e  ( c ) )  

oh ET 
Date 

Following Voyager 2 ' s  c lo se  encounter w iLh  Uranus, i t s  

&/dt  - 9 degrees per  year.  Hence, i t  w i l l  not make a ;second 

c ros s ing  o f  t h e  magneto ta i l  o f  Uranus wi th in  i t s  u s e f u l  l i f e -  

t imc . 



5. - Geometrical Rela t ionship,  

Figure 1 shows t h e  t r a j e c t o r i e s  o" Pioneer 11, Voyager 2, 

and Uranus a s  projected on the  e c l i p t i c  plane. The l e t t e r  two 

bodies a r e  close to  the  e c l i p t i c  plane and hence t h e i r  r e l a -  

t ionship  is  wel l  represented by t h i s  diagram. However, 

Pioneer 11 is  m b s t a n t i a l l y  north of  t h i s  plane, having a 

z-coordinate o f  5.753 AU on 1/24/86 (cf.  Tsble 1) .  I n  f a c t ,  

Pioneer 11's c loses t  approach to Uranus i s  6.18 AU i n   id-1985. 

Further details a r e  given i n  Table 4. 

Date - r - 
I/ 1/8 5 6.265 

7/1/85 6. U34 
l/ 1!86 6.360 

1/24/86 6.400 

7/1/86 6.770 

Table 4 

A f w t h e r  s ign i f i can t  r e la t ionsh ip  o f  Pioneer 11 to Urmus 

is evident f r o m  Table 5 .  





Table 5 -- 

Date -- hv A~ % - A ~  

1/1/85 253?630 243:846 9784 

7/1/85 255.782 246.920 8.862 
1/1/86 257 961 249.670 8.291 
1/24/86 258.233 249.990 8.243 
7/1/86 260.09 252.065 8.032 

Solar 
Corota t i o n  

-La g 

16.56 hr. 
15.0~ 
14.03 

13 95 
13 59 



6. S c i e n t i f i c  Opportuni t i e s  

The f o r e p ~ i n g  provides the  bas is  f o r  suggesting t h a t  

Pioneer 11- can provide valuable c o r n  l a t i v e  obse: mt ions  before, 

during, and a f t e r  the  encounter of  Voy&qer 2 with Uranus, viz.: 

( a )  Solar  wind veloci ty,  densi ty,  and temperature; 

(b) In terplanetary  magnetic f i e l d  vector; 

( c )  Occurrence o f  in terp lanetary  shocks; 

(d) In tens i ty  and energy spectra o f  so la r  and s b c k -  

accelerated energetic  electrons and protons; and 

( e )  Cosmic-ray i n t e n s i t y  

-- a l l  a s  a function of time. 

Some o r  a l l  o f  these  quan t i t i e s  a r e  o f  importance i n  under- 

s tanding the  magne;osphor? of  Uranus (~npend ix  11) and the  temporal 

var ia t ions  thereof.  Measurements during the  period of  the Voyager 2 -- 
encounter w i l l  be of s p e c i a l  value i n  order  t o  m n i t o r  changes i n  

in terp lanetary  conditions. 



7 Practica 1 Considerations 

( a )  Presumably each of the &-meter antennae of +he Deep Space 

Network w i l l  be fully committed during December 1 9 5  --February 

1966 to Voyager 2 whenever it is  above the s tat ion 's  horizon, 

with the exception of a few aays around 10 December l g 5  a t  the 

time of conjunction. 

(b) On 24 January 1966, the difference in heliocentric 

longitudes of Pioneer 11 and Voyager 2   ranu us) is only 8 O  

(about the same geocentrically) . 
(c)  A t  the present time, clean IM signals a re  being received 

fron Pioneer 11 a t  6b b .p . s .  by the 34~ae te r  stations a t  a geo- 

centric distance of 15 AU. Hence, it seems reasonable to expect 

tht goad data can be received a t  32 b.p.s. in  January 1966 

(- 20 AU). 



8. Conclusion 

I conclude the t  we should amhe every reasonable e f for t  to 

obtain continuous 24-hour per day TM reception of Pioneer 11 

with 34-meter DSIV stat ions during a t  l eas t  the period 1 December 

15385 -- 15 February 15386. 

( ~ o n e e r  11 is in conjunction on 3 December 1985 but i s  

over 16' north of the ec l ip t ic  plane so tht there i s  no problem 

with solar interference. ) 



APPENDIX I. References and flomenclature 

-- - 

1. Basic ephemeris data have been extracted from the following 

sources : 

(a)  Astronomical Pepers Prepared f o r  the Use of the 

American Ephemeris and Nautical Almenac, Volume X I 1  

Coordinates of the  Five Outer Planets 1653-2060, by 

W. J. Eckert, D. Brouwer, and G. M. Clemence, 1951 

(U. S. Gov. Pr int ing Office,  Washington, DC).  

(b)  J e t  Propulsion ~ a b o r a  tory/~mes Research Center 

h-ojected Ephemeris of Pioneer 11 

1 January 1964 -- 1 July  1966 of August 1983. 

(c)  J e t  Propulsion Laboratory 

Projected Ephemeris of Voyager 2. 

(d) J. Meeus ,Astronomical~blesof  t he sun ,  Moon, 

and Planets, Willman-Bell, Inc. Richmond, VA, 1983. 

2. A l l  coordinates used i n  t h i s  memrandum a re  referenced to 

the  heliocentric mean equinox/ecliptic 1950.0 coordinate system: 

X ,  Y, Z f o r  rectangular coordinates and r, k, 8, 8 for  rad ia l  

distance, longitude, l a t i tude ,  and co-latitude, respectively. 

Distances e re  i n  astronomical uni ts  ( 1  AU = 1.4$5gg x 10' km). 



Subscripts: 

P = Pioneer il 

V = Voyager 2 

U = Uranus 

E = Earth 

S = Sun 

4 

e . g . ,  rSP = r a d i a l  vector from the sun to Pioneer 11. 



APPENDIX 11. Speculations on the 
Mngnetosphere of Uranus 

1. Magnetic Moment of Uranus 

Current krrowledge of the angular momenta and magnetic 

moments of the planets i s  summarized i n  'lbble A land  plotted i n  

Figure A l .  The s t ra igh t  l i n e  in  the f igure  is  the unweighted 

l ea s t  squares f i t  t o  the points for  Mercury, Wrs,  Earth, Saturn, 

and Jupi ter .  The equation of t h i s  l i ne  i s  

I n  Figure A l ,  the ve r t i ca l  l ines  labeled Urfims and Neptune repre- 

sent empirically reasonable ranges fo r  the magnetic moments of 

these two planets ( a t  the approximately known values of I u, ) . 
The "nomhal" value for  Uranus i s  

M ;. 2.7 x 1-on gauss cm 3 

3 a 0.U gauss I$,. 



2. Probable Existence of  a 
Uranian Magnetosphere 

The standoff d is tance  r o f  the  magnetopause on the  sunward 

s i d e  of a planet  having magnetic moment i s  given by the  magneto- 

hydrodynamic stagnation condition 

where n, m, and v a r e  the  number densi ty,  mess, and d i rec ted  

ve loc i ty  o f  protons i n  the  s o l a r  wind. A t  t h e  o r b i t  o f  Uranus, 

using the  values 

[Van Allen,  J. A . ,  On the  magnetospheres o f  J u p i t e r ,  Saturn, and 

Uranlis, Highlights of  Astronomy, Vol. 4, P a r t  I, 195-224, 1473. 

For M = 2.7 x loz7 gauss cm 3 

Within t h i s  r a d i a l  d is tance  from the  center  o f  the  p lanet ,  

i t  i s  reasonable to expect a well-developed magnetosphere, a l b e i t  



one of extraordinary properties because of the approximately 

axia l  a l i m e n t  of the ro ta t iom1 axis with the planet-sun l ine  

i n  1986 [Siecoe, G. L., Two magnetic tail models for  Uranus, 

Planet. Space Sci., 12, 483-490, 1911. 

Recent observations by the International Ultraviolet 

Explorer of  auroral opt ical  emissions from Uranus provide the 

only available direct  evidence for the existence of  a well- 

developed magnetosphere [Durrance, S. T., and H. W. Moo?, 

Intense Ly a emission f m m  Uranus, Nature, 299, 428-429, 19823 

[Clarke, J. T., Getection of auroral hydrogen Lyman-Alphn 

emission f r o m  Uranus, Ap. J., 263, L105-Llw, 19621 [Caldwell, J., 

R. Wagener, and T. Owen, Tentative confirmation of an aurora on 

Uranus, lbture,  - 303, 310-312, 19631. 



Mercury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

Uranus 

Neptu ne 

Pluto 

Moon 

ANGULAR MOMENTA AND MAGhiETI C 
MOMNTS OF PLANETS 

lw M 

2 -1 cjcm s gauss cm 3 -1 - . gauss cm s g 

Table A 1  
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Figure A 1  


